In contrast to bacterial pore-forming toxins, no threemay unravel a novel mechanism.
Results and Discussion
1b. However, only the two-fold symmetry is apparent, two loops connecting strands ␤5 and ␤6 (Lys-77-Gly85) and ␤7-␤8 (Val-106-Asn-115) are particularly long and since the intersheet connections that are based on the differences between the mixed and antiparallel ␤ sheet broad and stand out from the body of the molecule. The EqtII molecule has a high isoelectric point (10.5). arrangements prevent any reasonable superposition of the three-dimensional structure of the two halves. (Fig- The positively charged residues are located primarily in the loop regions at the top and the bottom of the strucure 1a-c).
The interior of the ␤ sandwich is composed of hyture, whereas negatively charged residues are located in the middle of the molecule, on and close to both drophobic side chains. Each helix lies across a ␤ sheet formation. Helix A residues lie between the short ␤1 helices (Figure 1b) . At the bottom of half A, there are charged residues in and around the loops Gly-27-Lys-32 strand at the edge and the ␤2 strand in the middle of sheet A, whereas helix B is located between two neighand Lys-77-Gly-85. The former loop contains a stretch of three charged residues (Lys-30, Arg-31, and Lys-32), boring strands, ␤8 and ␤9, at the front edge of sheet B (Figures 1a and 1b) [18] , suggesting that the ␤ structures, more than half are extrinsic membrane proteins. (Extrinsic membrane proteins are proteins that sandwich remains unchanged and that analogously to the previously discussed ␤ sandwich domains of perfrinattach to the membrane but are not incorporated into it.) The three most similar structures were found in thaugolysin and thaumatin homologs (PR-5 proteins), it probably does not insert into the membrane. matin (1THV), the ␣ subunit of the clathrin adaptor ap-2 (1QTS), and perfringolysin (protein data bank, 1PFO), Visual inspection of the crystal structure suggests that there are two parts of the chain that could adopt a with rmsd of 2.9, 3.6, and 2.8 Å for 98, 85, and 77 C␣ atoms, respectively. Thaumatin and perfringolysin are different structure without disrupting the ␤ sandwich core: the first 30 N-terminal residues of the EqtII chain, connected with membrane permeabilization. Perfringolysin is a bacterial pore-forming toxin and a member of which include helix A; and helix B, which is located in the middle of the chain. Truncation of 5, 10, and 33 the family of thiol-activated cytolysins, which includes toxins like pneumonolysin of the highly pathogenic bacresidues from the N terminus results in reduced hemolytic activity (89%, 31%, and 0%, respectively) comteria Streptococcus pneumoniae. It consists of four domains [16] . The structure of domain IV is similar to that of pared to the wild type [19] . This suggests that despite the increased binding to the membrane that was obEqtII and is essential for interaction with the membrane. Thaumatin is not a pore-forming toxin, but it is a strucserved, the truncated forms are less capable of functional pore formation. The EqtII form with the first 33 tural representative of the plant pathogen-related proteins (PR-5) that have pore-forming properties.
residues truncated does not contain Ile-33, the first residue from the N terminus, which is part of the hydrophobic core of the ␤ sandwich. The lack of activity of this Formation of the Functional Pore Formation of the EqtII pore is a two-step process. Iniform may thus reflect a folding problem. From the structure, it is now evident that the form with the first 29 tially, soluble EqtII molecules bind to the membrane. After a sufficient concentration of bound molecules is or 30 residues truncated could be used to verify that hypothesis (Figures 2 and 3, green surface) . Such a form reached, pore formation follows, presumably as a consequence of the oligomerization of the 3-4 monomers is likely to result in a protein that has the ␤ sandwich structure intact and still binds to the membrane but [5]. Although an electron microscopy image of Sticholysin II, a closely related member of the actinoporin famexhibits no hemolytic activity. As opposed to the negative experiment based on a truncated form, a positive ily, on a phospholipid monolayer film was reported, the results do not allow conclusions to be drawn about the experiment can also be suggested. The amino acid sequence of the EqtII sequence showed that the N-termiorientation and the oligomer formation of the mem- In addition, the cysresidues could thus contribute charges for interaction with a membrane surface and provide the base from teine scan study [23] showed that the side chains of Ser-105, Ser-114, and Arg-144 located in the vicinity of which the 30 N-terminal residues could penetrate into a membrane. the aromatic cluster also interact with a lipid membrane (Figure 3, light blue surface) .
The cysteine scan revealed that the mutation of resiBiological Implications dues located within the long and broad loops connecting helix A and strand ␤2 (Gly-27-Arg-31) (Figure 4a 1 and 3, dark blue surface) . Restoration of the positive into their surroundings for defense and predatory purposes. charge by chemical modification of the sulfohydryl sumably transform their structure during the process of
The final model (Table 1) by means of site-directed mutagenesis.
was used to perform a three-dimensinoal structural similarity search.
Understanding the mechanism of pore formation is also of potential medical interest; specifically, properly (Table 1) nes (Actiniaria). FEMS Microbiol. Immunol. 5, 121-129. 5. Belmonte, G., Pederzolli, C., Mač ek, P., and Menestrina, G. was done with SCALA. Heavy atom sites were located with RSPS
